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(54) Composition and process for forming electrically insulating thin films 

(57) Herein we provide a composition for the forma- 
tion of insulating films that have a low dielectric con- 
stant. The composition comprises (A) an electrically 
insulating curable resin selected from the group consist- 
ing of electrically insulating curable organic resins and 
electrically insulating curable inorganic resins; and (B) 
at least two solvents: (B)(i) a solvent capable of dissolv- 
ing resin (A) and (B)(ii) a solvent whose boiling point or 
vapor pressure curve differs from that of solvent (B)(i) or 
whose affinity for resin (A) differs from that of solvent 
(B)(i). Also claimed is a method for forming a insulating 
films that have a dielectric constant of less than 2.7. 
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Description 

This invention relates to a composition for the for- 
mation of electrically insulating thin films and to a proc- 
ess for the formation of electrically insulating thin films. s 
More particularly, this invention relates to a composition 
and process for the formation of insulating thin films that 
have low dielectric constants. 

Insulating thin films of silica are known for use as 
protective layers and as electrically insulating layers in w 
electronic devices. The wet-coating of compositions 
comprising resin and solvent is generally and widely 
employed in this field. For example, U.S. Patent No. 
4,756,977 teaches a process for coating electronic 
devices with a silica thin film by applying a solvent solu- 75 
tion of hydrogen silsesquioxane resin on a substrate, 
evaporating the solvent, and heating at temperatures of 
150°C to 1 r 000°C to effect conversion into ceramic-like 
silica. Lower dielectric constants have been required 
from these insulating layers as devices have shrunk in 20 
size and become more highly "integrated. For example, a 
dielectric constant of 2.7 has been reported for a thin 
film afforded by the cure of hydrogen silsesquioxane 
(43rd Extended Abstracts of the Japan Society of 
Applied Physics and Related Societies, page 654, 25 
Abstract 26a-N-6). However, dielectric constants below 
2.7 are required of the electrically insulating thin films in 
the next-generation highly integrated circuits with 
design rules narrower than 0.18 urn. Nevertheless, to 
date no process has been discovered for the stable and 30 
highly reproducible generation of such low dielectric 
constants in the electrically insulating thin films suitable 
for highly integrated circuits, for example, in silica films. 

. On the other hand, it is known that the insulating 
thin film can itself be executed as a porous structure in 35 
order to reduce the dielectric constant of the insulating 
thin film. For example, United States Patent No. 
5,548,159 has reported the formation of an insulating 
thin film with a porous structure through the use of the 
bled product of hydrogen silsesquioxane resin as the 40 
dielectric layer in a highly integrated circuit. U.S. '159, 
however, does not disclose a specific method for the for- 
mation of the porous structure. Therefore, a composi- 
tion and process capable of forming an electrically 
insulating thin film with a low dielectric constant (a die- 45 
lectric constant materially below 2.7) is not known. 

It is an object of this invention is to provide a com- 
position and process that can produce an electrically 
insulating thin film with a low dielectric constant, specif- 
ically with a dielectric constant below 2.7. so 

This invention relates to an insulating thin film-form- 
ing composition comprising 

(A) a resin selected from the group consisting of 
electrically insulating curable organic resins and £5 
electrically insulating curable inorganic resins; and 

(B) a solvent mixture comprising 



(i) a solvent capable of dissolving resin (A) and 

(ii) a solvent whose boiling point or vapor pres- 
sure curve or affinity for resin (A) differs from 
that of solvent (i). 

The composition is useful for the formation of elec- 
trically insulating thin films that have low dielectric con- 
stants (<2.7). 

The present invention relates to an insulating thin 
film-forming composition that comprises 

(A) a resin selected from the group consisting of 
electrically insulating curable organic resins and 
electrically insulating curable inorganic resins; and 

(B) a solvent mixture comprising 

(i) a solvent capable of dissolving resin (A) and 

(ii) a solvent whose boiling point or vapor pres- 
. sure curve or affinity for resin (A) differs from 

that of solvent (i). 

Resin (A) can be inorganic or organic and is not 
critical as long as it is solvent soluble, can be cured by 
heating after its application, and provides insulation. 
The resin can be exemplified by the partial hydrolyzates 
of alkoxysilanes, by inorganic resins that are silica pre* 
cursor resins such as hydrogen silsesquioxane resin, 
and by organic resins such as polyimide resins, fluoro- 
carbon resins, benzocyclobutene resins, and f iuorinated 
polyallyl ethers. This resin can take the form of a single 
resin or a mixture of two or more resins. Silica precursor 
resins, with their ability to cure into silica, provide partic- 
ularly good electrical insulating properties and are 
therefore preferred. 

Among the silica precursor resins, hydrogen 
silsesquioxane resins, which can be used in a non-etch- 
back process, are particularly preferred. The hydrogen 
silsesquioxane resin used in the present invention is 
polysiloxane whose main skeleton is composed of the 
Afunctional siloxane unit HSi0 3/2 and is a polymer with 
the general formula (HSiO^p in which the subscript n 
is a positive integer. From the standpoint of molecular 
structure, this hydrogen silsesquioxane resin includes 
so-called ladder-type polysiloxanes and cage-type 
polysiloxanes. The terminals of the ladder-type polysi- 
loxanes can be endtrfocked by, for example, the hydroxy! 
group, a triorganosiloxy group such as the trimethylsi- 
loxy group, or a diorganohydrogensiloxy group such as 
the dimethylhydrogensiloxy group. 

Hydrogen silsesquioxane resin is known and in 
general can be synthesized by the hydrolysis of trichlo- 
rosilane and ensuing polycondensation (see U.S. Pat- 
ent No. 3,615,272 and Japanese Patent Application 
Laid Open (Kokai or Unexamined) Numbers Sho 59- 
1 891 26 (1 89, 1 26/1 984) and Sho 60-42426 
(42,426/1985)). 

The solvent mixture (B) comprises a solvent (B)(i) 
and a solvent (B)(ii). The solvent (B)(i) should be capa- 
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ble of dissolving resin (A) without the occurr nee of 
chemical changes, but is not otherwise critical. Solvent 
(B)(i) maybe exemplified by aromatic solvents such as 
toluene, xylene, and so forth; aliphatic solvents such as 
hexane, heptane, octane, and so forth; ketone solvents 5 
such as methyl ethyl ketone, methyl isobutyl ketone, and 
so forth; aliphatic ester solvents such as butyl acetate, 
isoamyl acetate, and so forth; and silicone solvents 
such as chain methytsiloxanes like hexamethyldisi- 
loxane and 1,1,3,3-tetramethyldisiloxane, cyclic w 
siloxanes like 1,1 ,3,3,5,5,7,7-octamethyttetracyclosi- 
loxane and 1,3,5,7-tetramethyltetracyclosiloxane, and 
silanes such as tetramethylsilane and dimethyldiethylsi- 
lane. Methyl isobutyl ketone and the silicone solvents 
are preferred. I5 

Solvent (B)(ii) is solvent whose boiling point or 
vapor-pressure curve or affinity for the resin (A) differs 
from that of solvent (B)(i). A solvent (B)(ii) with a boiling 
point higher than that of solvent (B)(i) is generally pre- 
ferred. The solvent (B)(ii) is exemplified by the following 20 
(the value in parentheses is the boiling point of the com- 
pound): hydrocarbon solvents such as amylbenzene 
(202°C), isopropylbenzene (152°C), 1 ,2-diethyibenzene 
(183°C), 1,3-diethylbenzene (181°C), 1 ,4-diethylben- 
zene (184°C), cyclohexylbenzene (239°C). dipentene 25 
(177°C), 2,6-dimethylnaphthalene (262°C), p-cymene 
(177°C), camphor oil (160 - 185°C), solvent naphtha 
(110 - 200°C), cis-decalin (196°C), trans-decalin 
(187°C), decane (174°C), tetralin (207°C), turpentine oil 
(153 - 175°C), kerosene (200 - 245°C), dodecane 30 
(216°C), dodecylbenzene (branched), and so forth; 
ketone and aldehyde solvents such as acetophenone 
(201. 7°C), isophorone (215.3°C), phorone (198 - 
199°C), methylcyclohexanone (169.0 - 170.5°C), methyl 
n-heptyl ketone (195.3°C), and so forth; ester solvents 35 
such as diethyl phthalate (296. 1°C), benzyl acetate 
(215.5°C), rbutyrolactone (204°C), dibutyl oxalate 
(240°C), 2-ethylhexy! acetate (198.6°C), ethyl benzoate 
(213.2°C), benzyl formate (203°C), and so forth; diethyl 
sulfate (208°C), sulfolane (285°C). and halohydrocar- 40 
bon solvents; etherified hydrocarbon solvents; alcohol 
solvents; ether/acetal solvents; polyhydric alcohol sol- 
vents; carboxylic anhydride solvents; phenolic solvents; 
and silicone solvents. While the quantity of addition of 
solvent mixture (B) is not crucial, solvent mixture is in 45 
general preferably added at no more than 50 wt% per 
100 weight parts component (A). 

Solvent mixture (B) is not simply employed in the 
present invention as a solvent for the resin (A). As dis- 
cussed in the following, solvent (B) is gasified and so 
expelled from the system during or after the cure of the 
resin (A), thereby leaving voids or free spaces in the 
electrically insulating thin film and as a result generating 
a low-dielectric constant electrically insulating thin film. 
A major fraction of the main solvent will evaporate 55 
immediately after coating on the substrate, but a portion 
remains in the film and this residual solvent behaves as 
described above. Howev r, in order to efficiently 



achieve the object described above, solvent mixture (B) 
contains not just the main solvent (B)(i), but rather is a 
mixture with at least 1 selection from solvents (B)flD that 
have a higher boiling point than the main solvent, or that 
have a different vapor-pressure curve, i.e., that are 
more difficult to evaporate, or that have a different affin- 
ity for the resin (A). This solvent (B)(ii) remains in larger 
amounts in the film immediately after the composition 
has been coated on the substrate and will also be evap- 
orated and expelled from the system during or after cure 
of the resin. The type of solvent (B)(ii) is not crucial, but 
it should be selected to obtain an optimal relationship 
with the curing temperature of the resin. 

Component (C) is a component added on an 
optional basis for the purpose of accelerating the cure of 
resin (A). Cure accelerator (C) is used when, based on 
considerations of striking a good balance with the gas- 
generating temperature of component (B), it becomes 
necessary to preliminarily induce partial crosslinking of 
component (A) at lower temperatures. When hydrogen 
siisesquioxane resin is used as component (A), cure 
accelerator (C) is preferably a platinum catalyst such as 
chloroplatinic acid or a rhodium catalyst. Such a cure 
accelerator (C) is used at from 1 to 500 weight parts for 
each 1 ,000,000 weight parts resin (A). 

In addition, in some cases an assistant, e.g., a sta- 
bilizer such as surfactant, may be added to assist the 
dispersion of solvent mixture (B). 

When hydrogen siisesquioxane resin is used as 
resin (A), heating the composition results in the forma- 
tion of an electrically insulating thin film, for example, a 
silica film. As used herein, silica refers to silicon dioxide 
(SiCy and includes both amorphous silica and amor- 
phous silica that is not completely free of silanol and/or 
hydrogen. In the event of the addition of ceramic precur- 
sors, the silica will also contain the corresponding com- 
pounds. 

Substrates that may be used in the process accord- 
ing to the present invention are exemplified by ceramic 
substrates, various metal substrates, and electronic 
devices, preferably electronic devices. 

The process for the formation of electrically insulat- 
ing thin films comprises 

(I) coating the surface of a substrate with a compo- 
sition for forming electrically insulating thin films 
that comprises 

(A) an electrically insulating curable resin 
selected from electrically insulating inorganic 
resins and electrically insulating organic resins; 
and 

(B) a solvent mixture comprising (i) a solvent 
capable of dissolving component (A) and (ii) a 
solvent whose boiling point or vapor pressure 
curve differs from that of solvent (B)(i) or whose 
affinity for resin (A) differs from that of solvent 
(B)(i); 
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(II) evaporating at least a portion of the solvent mix- 
ture (B); and 

(III) subsequently heating the substrate to induce 
gasification of the remaining solvent (B) during the 
course of or after the cure of the said resin (A). s 

The insulating thin film-forming composition com- 
prising (A) and (B) is coated on the surface of a sub* 
strate and a portion of the solvent mixture (B) is 
evaporated. Applicable coating methods are exempli- w 
fied by spin coating, dipping, spraying, and flow coating. 
The method for evaporating a portion of the solvent mix- 
ture (B) is not critical and can be exemplified by stand- 
ing at ambient or elevated temperature and drying in air, 
under reduced pressure, or under a gas current During 75 
this step of evaporating a portion of (B) gas is generated 
and a portion thereof is expelled from the system with 
the corresponding formation of hollow porous structures 
or free spaces in the insulating film. 

The substrate is subsequently heated in order to 20 
gasify the remaining solvent mixture (B) during or after 
the cure of the resin (A). The heating temperature for 
this is not critical as long as a temperature is used that 
results in gasification of solvent mixture (B). However, 
heating must be carried out to a temperature higher zs 
than the melting point of resin (A) when depending on 
the particular objective it is desired for the electrically 
insulating thin film to melt planarize the substrate. The 
means used for heating is again not crucial, and the 
heaters in general use, such as ovens, hot plates, and 30 
so forth, can be used. 

The insulating thin film-forming composition has the 
ability to form low-dielectric constant insulating thin films 
and is useful for those applications that require such 
properties, for example, as a commercial method for 35 
producing low-dielectric constant insulating thin films on 
substrates such as electronic devices and so forth. 

EXAMPLES 

40 

So that those skilled in the art can understand and 
appreciate the invention taught herein, the following 
examples are presented, it being understood that these 
examples should not be used to limit the scope of this 
invention found in the claims. 45 

The conversion to silica in the examples was evalu- 
ated by measuring the residual SiH% in the film using 
Fourier transform infrared absorption spectroscopic 
analysis. The residual SiH% in the film was calculated 
using 1 00% for the SiH% after spin coating. The dielec- so 
trie constant was measured at 25°C and 1 megahertz 
on a sample formed on a silicon wafer with a resistivity 
of 10' 2 ft • cm. The measurement was run by the sand- 
wich method using aluminum electrodes and an imped- 
ance analyzer. 55 



EXAMPLE 1 

Hydrogen silsesquioxane resin was synthesized by 
the method described in Example 1 of Japanese Patent 
Publication (Kokoku) Number Sho 47-31838 (U.S. Pat- 
ent No. 3,615,272). Analysis of the hydrogen silsesqui- 
oxane resin product by gel permeation chromatography 
(GPC) gave a number-average molecular weight of 
1,540 and a weight-average molecular weight of 7,705. 
The hydrogen silsesquioxane resin was subjected to a 
molecular weight fractionation according to the method 
described in Example 1 of Japanese Patent Application 
Laid Open (Kokai or Unexamined) Number Hei 6- 
157760 (U.S. Patent No. 5,416,190). Analysis of the 
hydrogen silsesquioxane resin in the recovered fraction 
(H-resin fraction") by GPC gave a number-average 
molecular weight of 5,830 and a weight-average molec- 
ular weight of 1 1 ,200. The conditions in the GPC meas- 
urements are: 

instrument: 802A from theTosoh Corporation 

column: G3000/G4000/G5000/G6000 

carrier solvent: toluene 

column temperature: 30°C 

molecular weight standard: polystyrene 

detection: differential refractometer 

sample: 2 wt% solids (toluene solution) 

The H-resin fraction was dissolved in methyl iso- 
butyl ketone to prepare the 22 wt% (solids) solution. To 
this was added dodecylbenzene at 1 wt% based on the 
methyl isobutyl ketone solution and chloroplatinic acid 
hexahydrate at 100 weight-ppm based on the H-resin 
the fraction. A film with a thickness of 6,060 angstroms 
was produced by spin coating the solution on a silicon 
wafer at a preliminary rotation of 500 rpm for 3 seconds 
and then at a main rotation of 3,000 rpm for 1 0 seconds 
followed by standing for 1 0 minutes at room tempera- 
ture. The wafer was baked in a quartz oven under an air 
current at 250°C for 1 hour, removed, and allowed to 
stand for 10 minutes at room temperature. At this point 
the solubility of the film in methyl isobutyl ketone was 
lower than that post-spin coating. The wafer was 
annealed for 1 hour in a quartz oven at 400°C under a 
curtent of nitrogen containing 10 ppm oxygen, with- 
drawn and allowed to stand at room temperature for 10 
minutes. The residual SiH% in the insulating film was 
74%, confirming that conversion to silica had occurred. 
No abnormalities, i.e., cracks and so forth, were 
observed in the film. The dielectric constant of the film 
was 2.4. 

EXAMPLE 2 

The H-resin fraction prepared in Example 1 was 
dissolved in methyl isobutyl ketone to prepare the 22 
wt% (solids) solution. To this was added dodecylben- 
zene at 10 wt% based on the methyl isobutyl ketone 
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solution and chloroplatinic acid hexahydrate at 100 
weight-ppm based on the H-resin fraction. A film with a 
thickness of 6,500 angstroms was produced by spin 
coating the solution on a silicon wafer at a preliminary 
rotation of 500 rpm for 3 seconds and then at a main 5 
rotation of 3,000 rpm for 10 seconds followed by stand- 
ing for 10 minutes at room temperature. The wafer was 
baked in a quartz oven under an air current at 250°C for 
1 hour, removed, and allowed to stand for 10 minutes at 
room temperature. At this point the solubility of the film jo 
in methyl isobutyl ketone was lower than that post-spin 
coating. The wafer was annealed for 1 hour in a quartz 
oven at 400°C under a current of nitrogen containing 10 
ppm oxygen, withdrawn and allowed to stand at room 
temperature for 10 minutes. The residual SiH% in the 15 
film was 79%, confirming that conversion to silica had 
occurred. No abnormalities, i.e., cracks and so forth, 
were observed in the film. The dielectric constant of the 
film was 2.4. 

20 

EXAMPLE 3 

The H-resin fraction prepared in Example 1 was 
dissolved in methyl isobutyl ketone to prepare the 35 
wt% (solids) solution. To this was added dodecylben- 25 
zene at 10 wt% based on the prepared methyl isobutyl 
ketone solution and chloroplatinic acid hexahydrate at 
100 weight-ppm based on the H-resin fraction. A film 
with a thickness of 13,700 angstroms was produced by 
spin coating the solution on a silicon wafer at a prelimi- 30 
nary rotation of 500 rpm for 3 seconds and then at a 
main rotation of 2,000 rpm for 10 seconds followed by 
standing for 10 minutes at room temperature. The wafer 
was baked in a quartz oven under an air current at 
250°C for 1 hour, removed, and allowed to stand for 10 35 
minutes at room temperature. At this point the solubility 
of the film in methyl isobutyl ketone was lower than that 
post-spin coating. The wafer was annealed for 1 hour in 
a quartz oven at 400°C under a current of nitrogen con- 
taining 1 0 ppm oxygen, withdrawn and allowed to stand 40 
at room temperature for 10 minutes. The residual SiH% 
in the insulating film was 79%, confirming that conver- 
sion to silica had occurred. No abnormalities, i.e., 
cracks and so forth, were observed in the film. The die- 
lectric constant of the film was 2.4. 45 

EXAMP14 4 

The H-resin fraction prepared in Example 1 was 
dissolved in methyl isobutyl ketone to prepare the 22 so 
wt% (solids) solution. To this was added diethyl phtha- 
late at 10 wt% based on the methyl isobutyl ketone solu- 
tion and chloroplatinic acid hexahydrate at 100 weight- 
ppm based on the H-resin fraction. A film with a thick- 
ness of 6,300 angstroms was produced by spin coating ss 
the solution on a silicon wafer at a preliminary rotation of 
500 rpm for 3 seconds and then at a main rotation of 
3,000 rpm for 10 seconds followed by standing for 10 



minutes at room temperature. The wafer was baked in a 
quartz oven under an air current at 250°C for 1 hour, 
removed, and allowed to stand for 10 minutes at room 
temperature. At this point the solubility of the film in 
methyl isobutyl ketone was lower than that post-spin 
coating. The wafer was annealed for 1 hour in a quartz 
oven at 400°C under a current of nitrogen containing 10 
ppm oxygen, withdrawn and allowed to stand at room 
temperature for 10 minutes. The residual SiH% in the 
insulating film was 78%, confirming that conversion to 
silica had occurred. No abnormalities, i.e., cracks and 
so forth, were observed in the film. The dielectric con- 
stant of the insulating film was 2.4. 

EXAMPLE 5 

Hydrogen silsesquioxane resin was synthesized by 
the method described in Example 1 of Japanese Patent 
Publication (Kokoku) Number Sho 47-31838 (U.S. Pat- 
ent No. 3,615,272). Analysis of the hydrogen silsesqui- 
oxane resin product by GFC gave a riurnber-avsrage 
molecular weight of 1,540, a weight-average molecular 
weight of 7,705, and a value of 41 wt% for the content of 
component with a molecular weight no greater than 
1,500. The hydrogen silsesquioxane resin was sub- 
jected to a molecular weight fractionation according to 
the method described in Example 1 of Japanese Patent 
Application Laid Open (Kokai or Unexamined) Number 
Hei 6-157760 (U.S. Patent No.. 5,416,190). Analysis of 
the hydrogen silsesquioxane resin in the recovered frac- 
tion ("H-resin fraction") by GPC gave a number-average 
molecular weight of 743, a weight-average molecular 
weight of 1 ,61 3, and a value of 72 wt% for the content of 
component with a molecular weight no greater than 
1,500. The conditions in the GPC measurements were 
the same as reported in Example 1 . 

This fraction was dissolved in hexamethyldisi- 
loxane/octamethyltrisiloxane mixed solvent (30/70) to 
prepare the 30% (solids) solution. To this was added 
dodecylbenzene at 10 wt% based on the hexamethyld- 
isiloxane/octamethyltrisiloxane solution and chloroplati- 
nic acid hexahydrate at 100 weight-ppm based on the- 
H-resin fraction. A film with a thickness of 6,320 ang- 
stroms was produced by spin coating the solution on a 
silicon wafer at a preliminary rotation of 500 rpm for 3 
seconds and then at a main rotation of 3,000 rpm for 10 
seconds followed by standing for 1 0 minutes at room 
temperature. The wafer was baked in a quartz oven 
under an air current at 200°C for 1 hour, removed, and 
allowed to stand for 1 0 minutes at room temperature. At 
this point the solubility of the film in methyl isobutyl 
ketone was lower than that post-spin coating. The wafer 
was annealed for 1 hour in a quartz oven at 400°C 
under a current of nitrogen containing 10 ppm oxygen, 
withdrawn and allowed to stand at room temperature for 
10 minutes. The residual SiH% in the insulating film was 
70%, confirming that conversion to silica had occurred. 
No abnormalities, i.e., cracks and so forth, were 
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observed in the film. The dielectric constant of the insu- 
lating film was 2.2. 

EXAMPLE 6 

10 wt% dodecylbenzene was added to an organic 
spin-on glass (OCD-Type 7 from Tokyo Oka Kogyo 
Kabushiki Kaisha). A film with a thickness of 6,300 ang- 
stroms was formed by spin coating the solution on a sil- 
icon wafer at a preliminary rotation of 500 rpm for 3 
seconds and a main rotation of 3,000 rpm for 10 sec- 
onds followed by standing at room temperature for 10 
minutes. The wafer was baked in an air current at 250°C 
for 1 hour in a quartz oven, withdrawn, and allowed to 
stand at room temperature for 10 minutes. At this point 
the solubility of the film in methyl isobutyl ketone was 
lower than that post-spin coating. The wafer was 
annealed for 1 hour at 400°C in a quartz oven under a 
current of nitrogen containing 10 ppm oxygen and with- 
drawn and allowed to stand at room temperature for 10 
minutes. No abnormalities, i.e., cracks and so forth, 
were observed in the film. The dielectric constant of the 
film was 2.7. 

EXAMPLE 7 

Hydrogen silsesquioxane resin (number-average 
molecular weight = 1 ,540 and weight-average molecular 
weight = 7,705) synthesized according to the method 
described in Example 1 of Japanese Patent Publication 
(Kokoku) Number Sho 47-31838 (U.S. Patent No. 
3,615,272) was dissolved in methyl isobutyl ketone to 
prepare the 26 wt% (solids) solution. To this was added 
dodecylbenzene at 1 0 wt% based on the methyl isobutyl 
ketone solution and chloroplatinic acid hexahydrate at 
1 00 weight-ppm based on the resin. A film with a thick- 
ness of 6,200 angstroms was prepared by spin coating 
the solution on a silicon wafer at a preliminary rotation of 
500 rpm for 3 seconds and a main rotation of 3,000 rpm 
for 10 seconds followed by holding at room temperature 
for 10 minutes. The wafer was baked for 1 hour at 250°C 
in a quartz oven under an air current, withdrawn, and 
allowed to stand at room temperature for 10 minutes. At 
this point the solubility of the film in methyl isobutyl 
ketone was less than that post-spin coating. The wafer 
was annealed at 400°C for 1 hour in a quartz oven 
under a current of nitrogen containing 10 ppm oxygen, 
withdrawn and allowed to stand at room temperature for 
10 minutes. The residual SiH% in the film was 75%, 
confirming that conversion to silica had occurred. No 
abnormalities, i.e., cracks and so forth, were observed 
in the film. The dielectric constant of the film was 2.4. 

EXAMPLE 8 

The H-resin fraction prepared in Example 1 was 
dissolved in methyl isobutyl ketone to prepare the 22 
wt%. (solids) solution. To this was added dodecylben- 



zene at 10 wt% and polyoxyethylene lauryl ether at 1 
wt%, based on the methyl isobutyl ketone solution. A 
film with a thickness of 6,450 angstroms was produced 
by spin coating the solution on a silicon wafer at a pre- 
5 liminary rotation of 500 rpm for 3 seconds and then at a 
main rotation of 3,000 rpm for 10 seconds followed by 
standing for 10 minutes at room temperature. 

EXAMPLE 9 

10 

The H-resin fraction prepared in Example 1 was 
dissolved in methyl isobutyl ketone to prepare the 22 
wt% (solids) solution. To this was added cyclohexylben- 
zene at 10 wt% based on the methyl isobutyl ketone 

75 solution. A film with a thickness of 6,300 angstroms was 
produced by spin coating the solution on a silicon wafer 
at a preliminary rotation of ,500 rpm for 3 seconds and 
then at a main rotation of 3,000 rpm for 10 seconds fol- 
lowed by standing tor 1 0 minutes at room temperature. 

20 The wafer was baked for 1 hour at 400°C in a quartz 
oven under a current of nitrogen containing 10 ppm oxy- 
gen, withdrawn and held for 1 0 minutes at room temper- 
ature. The residual SiH% in the film was 77%, 
confirming that conversion to silica had occurred. No 

25 abnormalities, i.e., cracks and so forth, were observed 
in the film. The dielectric constant of the film was 2.4. 

EXAMPLE IP 

30 The H-resin fraction prepared in Example 1 was 
dissolved in methyl isobutyl ketone to prepare the 22 
wt% (solids) solution. To this was added pentylbenzene 
at 10 wt% based on the methyl isobutyl ketone solution 
and chloroplatinic acid hexahydrate at 100 weight-ppm 

35 based on the H-resin fraction. A film with a thickness of 
6,500 angstroms was produced by spin coating the 
solution on a silicon wafer at a preliminary rotation of 
500 rpm for 3 seconds and then at a main rotation of 
3,000 rpm for 10 seconds followed by standing for 10 

40 minutes at room temperature. The wafer was baked for 
1 hour at 250°C in a quartz oven in an air current and 
withdrawn and held for 1 0 minutes at room temperature. 
The residual SiH% in the film was 91%, confirming that 
conversion to silica had occurred. No abnormalities, i.e., 

45 cracks and so forth, were observed in the film. The die- 
lectric constant of the film was 2.7. 

EXAMPLE 11 . 

so The H-resin fraction prepared in Example 1 was 
dissolved in methyl isobutyl ketone to prepare the 18 
wt% (solids) solution. To this was added dodecylben- 
zene at 10 wt% based on the methyl isobutyl ketone 
solution and chloroplatinic acid hexahydrate at 100 

55 weight-ppm based on the H-resin fraction. The solution 
was spin coated on a patterned polysilicon wafer (fea- 
ture height = 0.5 jim, feature width and feature spacing 
= 0.18 *im) at a preliminary rotation of 500 rpm for 3 
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seconds and then a main rotation of 5,000 rpm for 10 
seconds. Thorough evaporation of the solvent gave a 
film with a thickness of 8,235 angstroms at its deepest 
section. The wafer was heated under a nitrogen current 
on a hot plate using the sequence of 150°C/1 minute, 
200°C/1 minute, and 200°C/1 minute in the order given. 
This resulted in fluidixation with thorough gapfilling 
between the features and thorough planarization of the 
resin surface. The wafer was baked for 1 hour at 250°C 
in a quartz oven under an air current, removed, and 
flowed to stand at room temperature for 10 minutes. At 
this point the solubility of the film in methyl isobutyl 
ketone was less than that post-spin coating. The wafer 
was annealed at 400°C for 1 hour in a quartz oven 
under a current of nitrogen containing 10 ppm oxygen, 
withdrawn and held at room temperature for 1 0 minutes. 
No abnormalities, i.e., cracks and so forth, were 
observed in the film. 

EXAMPLE 12 

A fluorinated polyailyl ether resin was synthesized 
according to the method described on page 1 16 of the 
1995 Proceedings of the Twelfth International VLSI Mul- 
tilevel Interconnection Conference. Analysis of the resin 
product by GPC gave a number-average molecular 
weight of 2,540 and a weight-average molecular weight 
of 9,390. This resin was dissolved in methyl isobutyl 
ketone to prepare the 26 wt% (solids) solution. To this 
was added dodecylbenzene at 10 wt% based on the 
methyl isobutyl ketone solution. A film with a thickness 
of 6,080 angstroms was prepared by spin coating the 
solution on a silicon wafer at a preliminary rotation of 
500 rpm for 3 seconds and then a main rotation of 3,000 
rpm for 10 seconds followed by standing for 10 minutes 
at room temperature. The wafer was baked for 1 hour at 
250° C in a quartz oven under an air current, removed, 
and allowed to stand at room temperature for 10 min- 
utes. At this point the solubility of the film in methyl iso- 
butyl ketone was less than that post-spin coating. The 
wafer was annealed at 400°C for 1 hour in a quartz oven 
under a current of nitrogen containing 10 ppm oxygen, 
withdrawn and held at room temperature for 10 minutes. 
The solubility of the film in methyl isobutyl ketone was 
found to have undergone further decline. The film had a 
dielectric constant of 2.4. 

COMPARATIVE EXAMPLE 1 

The H-resin fraction prepared in Example 1 was 
dissolved in methyl isobutyl ketone to prepare the 22 
wt% (solids) solution. A film with a thickness of 6,078 
angstroms was produced by spin coating the solution 
on a silicon wafer at a preliminary rotation of 500 rpm for 
3 seconds and then at a main rotation of 3,000 rpm for 
10 seconds followed by standing for 10 minutes at room 
temperature. The wafer was annealed for 1 hour at 
400° C in a quartz oven under a current of nitrogen con- 



taining 10 ppm oxygen, withdrawn and held for 10 min- 
utes at room temperature. The residual SiH% in the film 
was 75%, confirming that conversion to silica had 
occurred. The production of cracks in the film was 
5 observed. The dielectric constant of the film was 2.8. 

COMPARATIVE EXAMPLE 2 

The H-resin fraction prepared in Example 1 was 
10 dissolved in methyl isobutyl ketone to prepare the 35 
wt% (solids) solution. A film with a thickness of 13,200 
angstroms was produced by spin coating the solution 
on a silicon wafer at a preliminary rotation of 500 rpm for 
3 seconds and then at a main rotation of 2.000 rpm for 
is 1 0 seconds followed by standing for 10 minutes at room 
temperature. The wafer was annealed for 1 hour at 
400°C in a quartz oven under a current of nitrogen con- 
taining 10 ppm oxygen, withdrawn and held for 10 min- 
utes at room temperature. The residual SiH% in the film 
20 was 75%, confirming that conversion to silica had 
occurred. The production of cracks in the film was 
observed. The dielectric constant of this thin film was 
2.8. 



1 . A composition for forming electrically insulating thin 
films comprising 

30 (A) an electrically insulating curable resin 

selected from the group consisting of electri- 
cally insulating curable organic resins and elec- 
trically insulating curable inorganic resins; and 
(B) a solvent mixture comprising 

35 

(i) a solvent capable of dissolving resin (A) 
and 

(ii) a solvent selected from the group con- 
sisting of solvents whose boiling point dif- 

40 fers from solvent (i), solvents whose vapor 

pressure curve differs from that of solvent 
(i) and solvents whose affinity for resin (A) 
differs from that of solvent (i). 

45 2. The composition as claimed in claim 1 wherein 
resin (A) is hydrogen silsesquioxane resin. 

3. The composition as claimed in claim 1 wherein the 
composition additionally contains (C) a cure-accel- 

so erating catalyst for component (A). 

4. The composition as claimed in daim 3 wherein (C) 
is selected from a platinum compound or transition 
metal compound. 



55 

5. The composition as claimed in claim 1 wherein sol- 
vent (B)(i) is selected from the group consisting of 
aromatic solvents, aliphatic solvents; ketone sol- 



25 Claims 



35 



13 



EP0 869 515 A1 



14 



vents, aliphatic ester solvents, silicone solvents, 
and silanes. 

6. The composition as claimed in claim 5 wherein the 
solvent is a ketone solvent. 

7. The composition as claimed in claim 6 wherein the 
solvent is methyl isobutyl ketone. 

8. The composition as claimed in claim 5 wherein the 
solvent is a silicone solvent 

9. The composition as claimed in claim 1 wherein the 
solvent (B)(ii) is a solvent having a higher boiling 
point than solvent (B)(i). 

10. The composition as claimed in claim 9 wherein the 
solvent (B)(ii) is selected from the group consisting 
of hydrocarbon solvents ketone solvents; aldehyde 
solvents; ester solvents; diethyl sulfate; sulfolane; 
halohydrocarbon solvents; etherified hydrocarbon 
solvents; alcohol solvents; ether solvents; acetal 
solvents; polyhydric alcohol solvents; carboxylic 
anhydride solvents; phenolic solvents; and silicone 
solvents 

11. The composition as claimed in claim 1 wherein sol- 
vent (B)(i) is methyl isobuytyl ketone and solvent 
(B)(ii) is dodecylbenzene. 

12. The composition as claimed in claim 1 wherein sol- 
vent (B)(i) is methyl isobuytyl ketone and solvent 
(B)(ii) is diethyl phthalate. 

13. The composition as claimed in claim 1 wherein sol- 
vent (B)(i) is methyl isobuytyl ketone and solvent 
(B)(ii) is cyclohexylbenzene. 

14. The composition as claimed in claim 1 wherein sol- 
vent (B)(i) is methyl isobuytyl ketone and solvent 
(B)(ii) is pentylbenzene. 

15. The composition as claimed in claim 1 wherein sol- 
vent (B)(i) is a silicone solvent and solvent (B)(H) is 
dodecylbenzene. 

16. The composition as claimed in claim 1 wherein the 
solvent mixture (B) is present at 50 wt% per 100 
weight parts resin (A). 

17. A process for forming electrically insulating thin 
.films comprising 

(I) coating the surface of a substrate with the 
composition of claim 1 ; 

(II) evaporating at least a portion of the solvent 
mixture (B); and 

(III) heating the substrate to induce gasification 



of the remaining component (B) during the 
course of or after the cure of the said resin (A). 

18. The process as claimed in daim 17 wherein the 
s substrate is an electronic device. 

19. The process as claimed in claim 17 wherein the 
coating of the surface is by spin coating. 

w 20. The process as claimed in claim 17 wherein the 
substrate is heated in (III) to a temperature higher 
than the melting point of the resin (A). 
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